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,QWURGXFWLRQ
,Q WKLV SDSHU ZH LQYHVWLJDWH WKH SRVVLELOLWLHV RI RSWLPDO HPEHGGHG LPSOHPHQWDWLRQ RQ )3*$ SODWIRUPV RI D
QXPEHURIDOJRULWKPVLQRUGHUWRHVWLPDWHPRYHPHQWLQDYLGHRVLJQDOE\H[WUDFWLQJWKHRSWLFDOIORZ2SWLFDOIORZ
GHWHFWLRQLVDZLGHO\VWXGLHGDUHD6WDUWLQJIURPWKHFODVVLFDO/XFDV.DQDGHPHWKRG>@>@DQGLWVYDULDQWVXSWR
WKH DOJRULWKPV SURSRVHG E\ 6ULQLYDVDQ >@ RU WKH 5HLFKDUGW GHWHFWRU EDVHG PHWKRGV >@ WKHUH DUH VHYHUDO ZD\V
GHVFULEHG LQ WKH VSHFLILF OLWHUDWXUH WRH[WUDFW WKHRSWLFDO IORZ IURPYLGHRVLJQDOV7KLV ODWWHUPHWKRG IRUH[DPSOH
WKH5HLFKDUGWGHWHFWRU LV DPRWLRQGHWHFWRU LQVSLUHGE\ WKH LQVHFW¶V IOLJKW ,W FDOFXODWHVDPRWLRQVLJQDOEDVHGRQ
LQSXW IURP WZR SKRWRGHWHFWRUV 7KH RXWSXW VLJQDO LQGLFDWHV WKH GLUHFWLRQ RI PRYHPHQW RI D SDWWHUQ RQ WKH
SKRWRUHFHSWRU$5HLFKDUGWGHWHFWRU¶VVLJQDOLQWHQVLW\GHSHQGVQRWRQO\RQWKHGLUHFWLRQRIPRYHPHQWDQGVSHHGEXW
DOVRRQWKHFRQWUDVWRIWKHLPDJH0XOWLSOHRSWLFDOGHWHFWRUVDOLJQHGGLIIHUHQWO\FDQEHFRPELQHGWRHVWLPDWHRSWLFDO
IORZ HJRPRWLRQ ,W LV H[SHFWHG WKHUHIRUH WKDW VRPH FODVVLILFDWLRQ DOJRULWKPV ZLOO EH QHHGHG WR LPSOHPHQW WKH
IHDWXUHJURXSLQJ OHDGLQJ WRRSWLFDO IORZH[WUDFWLRQ IURP WKHDFTXLUHG IRUPV7KHSRVVLELOLW\RIHIILFLHQW KDUGZDUH
LPSOHPHQWDWLRQ OLHV LQ PHUJLQJ VHYHUDO JURXSLQJ PHWKRGV FOXVWHULQJ 2QH RI WKHVH PHWKRGV LV WKH DIILQLW\
SURSDJDWLRQPHWKRG>@ZKLFKLGHQWLILHVFRSLHVRIGDWDSRLQWVDQGGDWDSRLQWVIRUPLQJJURXSVDURXQGWKHVHFRSLHV
7KLVPHWKRGZRUNVE\WDNLQJLQWRDFFRXQWDOOGDWDSRLQWVVLPXOWDQHRXVO\DVSRWHQWLDOO\UHOHYDQWGDWDSRLQWVXQWLO LW
UHDFKHV D JRRG VHW RI FOXVWHUV:H QHHG WKHUHIRUH DQ DQDO\VLV RI WKH UHVXOWV REWDLQHG E\ WKHVH PHWKRGV ZKLFK




ZHKDYHGHYLVHGDQDOJRULWKPDQGEXLOW D V\VWHP IRU WKH HQKDQFHG ORFDOL]DWLRQ DQGPRYHPHQWDUWLIDFW± VOLSSLQJ
ZKHHOV  FRPSHQVDWLRQRIDPRELOHURERW E\PRWLRQGHWHFWLRQZLWK2)H[WUDFWLRQ6HQVRUGDWDIXVLRQRIWKH2)
UHVXOWZLWK VWDQGDUG ,QHUWLDO0HDVXUHPHQW8QLW ,08 GDWDZLOO LQFUHDVH WKH DFFXUDF\ RI DPRELOH URERW¶V LQGRRU
ORFDOL]DWLRQ
7KHLQWURGXFHGUHDOWLPHHPEHGGHG2)FRPSXWDWLRQPHWKRG
,Q RUGHU WR GHPRQVWUDWH WKH VLPSOLILHG DOJRULWKP IRU FDOFXODWLQJ WKH RSWLFDO IORZ IRU PRYHPHQW GHWHFWLRQ
GLUHFWLRQDQGH[WHQWRIPRYHPHQWLQWKHILUVWSKDVHDVRIWZDUHLPSOHPHQWDWLRQKDVEHHQGHYHORSHG7KHJRDOZDV
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)LJ7KH2)H[WUDFWLRQPHWKRGXVHVHGJHGHWHFWLRQDQGHGJHGLVSODFHPHQWFDOFXODWLRQV
x )URPHDFK IUDPHRI WKH LQSXWYLGHRVHTXHQFHDQHGJH ORFDWLRQDUUD\ZLOOEHJHQHUDWHG)/$*6XVLQJD
6REHOHGJHGHWHFWLRQPHWKRGVFDQQLQJWKHLPDJHZLWKD[VOLGLQJILOWHUPDWUL[
x $Q DFWLYH IODJ ORJLFDO  ELW YDOXH LV SODFHG RQ WKH [ \ FRRUGLQDWHV RI WKH JHQHUDWHG )/$*6PDWUL[
UHSODFLQJD[SL[HOZLQGRZRIWKHLPDJHZKHUHDQHGJHLVGHWHFWHG
x 7KLV\LHOGVDUHGXFHGVL]HRIWKH)/$*6PDWUL[IRULQVWDQFH[ELWVIRUDQLPDJHRI[SL[HOV
x 7KHDFTXLUHGIUDPHVDUHDOVRUHGXFHG WRDQELWSL[HOJUD\VFDOH IRUPDW LQRUGHU WR IXUWKHUPLQLPL]H WKH
QHHGHGSURFHVVLQJKDUGZDUHUHVRXUFHV
x 7KH QH[W VWHS FRQVLVWV RI VFDQQLQJ D SDLU RI WKH )/$*6 PDWUL[HV ± LQ SDUDOOHO ± JHQHUDWHG IURP WZR
FRQVHFXWLYH IUDPHVZLWK D ORFDO2)ZLQGRZ /2) RI [ HGJH ELWV WR GHWHUPLQH WKH ORFDO GLUHFWLRQ RI
WUDYHORIWKHH[LVWLQJHGJHV




x $Q LQFUHDVH LQ WKHQXPEHURI ELWV LQ D TXDGUDQW VKRZV WKHPRYHPHQWGLUHFWLRQRI WKH HGJH7KH FKRVHQ
TXDGUDQWVZLOOKDYHDQLQFUHDVHGQXPEHURIIODJELWV









XVHU WR FUHDWH DQG LPSOHPHQW D GLJLWDO ORJLF FRPSRQHQW DSSOLFDWLRQ DQG*8, FRQVROH7KH YLFL/DE WRROV SHUIRUP
DXWRPDWHG FUHDWLRQ RI WKH UHPRWHORFDO GHVLJQ )3*$ ELWVWUHDP IURP D 9+'/ PRGHO GHVFULSWLRQ DQG SHUIRUP
UHPRWH RU ORFDO 'LJLOHQW 1H[\V PRGXOH ;LOLQ[ 6SDUWDQ )3*$ FRQILJXUDWLRQ 7KH V\VWHP DOVR SHUPLWV XVHU
VSHFLILF UHDOWLPH )3*$ DSSOLFDWLRQ GHYHORSPHQW ZLWK LQWHUDFWLYH FRQWUROYLVXDOL]DWLRQ FRQVROH 7KH YLFL/RJLF
ZUDSSHULQWHJUDWHVWKHXVHUGHVLJQZLWKWKH)3*$KDUGZDUHFRUHDQGJHQHUDWHVGHVLJQPHWDGDWDWRDLGDXWRPDWLRQ
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7KH  UHVXOWLQJ ZLQGRZV DUH SURFHVVHG LQ SDUDOOHO E\ WKH GVS%ORFN XVLQJ DV PDQ\ VHSDUDWH 9+'/
SURFHVVHV
'HYHORSLQJDQLQWHUIDFHWRWHVWWKHDOJRULWKPZLWKDGLUHFWO\FRQQHFWHGLPDJHDFTXLVLWLRQGHYLFH
$V WKHHQGJRDORI WKHSURMHFW LV WKHYLGHRVLJQDODQG LQHUWLDOPHDVXUHPHQW XQLWEDVHG ,08 ORFDOL]DWLRQRID
PRELOHURERWLQRUGHUWRWHVWWKHPHWKRG¶VUHOLDELOLW\LQDUHDOURERWLFDSSOLFDWLRQZLWKUHDOWLPHGDWDSURFHVVLQJ
ZHKDYHGHVLJQHGDQLQWHUIDFHIRUDQ2PQLYLVLRQ29FDPHUDPRGXOHPRXQWHGRQD=HG%RDUG)3*$SODWIRUP




*HQHUDOO\ IRU YLGHR GDWD UHSUHVHQWDWLRQ WKHPRVW FRPPRQO\ XVHG LV WKH5*% IRUPDWZKHUH HDFK SL[HO¶V
FRORU LVVWRUHGRQELWVFKDQQHOV UHGJUHHQDQGEOXHDUHVWRUHGRQELWVHDFK7KLVPHDQV WKDW WKH LQWHQVLW\RI
OLJKWFDQYDU\IURPWRZKHUHLVWKHDEVHQFHRIOLJKWDQGLVIXOOLQWHQVLW\











7KH29DOVRVXSSRUWV WKH<&E&UIRUPDW WKDW LVDQDOWHUQDWLYH WR WKH5*%FRORUHQFRGLQJ&RPSRQHQW<
DOVRFDOOHGOXPLQDQFHUHSUHVHQWVWKHDPRXQWRIZKLWHOLJKWRIFRORUZKLOHWKHFKURPDFRPSRQHQWV&EDQG&UDUH
































SL[HOGDWD OLQHV%DVHGRQ WKH WKUHHFRQWURO VLJQDOV WKLVPRGXOHJHQHUDWHV WKHDGGUHVVZKHUH WKHDFWXDOSL[HOGDWD
QHHGVWREHZULWWHQ
7KHVWDWHGLDJUDPRIWKHILUVWVWDWHPDFKLQHFDQEHVHHQLQWKH)LJOHIW$IUDPHVWDUWVDIWHUWKH96<1&VLJQDO
SURYLGHGE\ WKH FDPHUDPRGXOH LV DVVHUWHGZKLOH WKH IUDPH HQGV DW WKH QH[W96<1&SXOVH 7KH VWDWHPDFKLQH
PRQLWRUV WKLV VLJQDODQGJUDQWV WKHZULWHDFFHVV WR WKHFDPHUDVDPSOHUPRGXOHDFFRUGLQJO\EHWZHHQ WZR96<1&
VLJQDOV$IWHU D IUDPH UHDG F\FOH LV GRQH WKH VWDWHPDFKLQH JLYHV D VWDUW VLJQDO WR WKH QH[W VWDWHPDFKLQH WKDW LV
UHVSRQVLEOHIRUFRQWUROOLQJWKHLPDJHSURFHVVLQJXQLWDQGZDLWVIRULWWRILQLVK$IWHUFRPSOHWLRQWKHVWDWHPDFKLQH
ZDLWVIRUWKHQH[W96<1&WRV\QFKURQL]HWRDQHZIUDPHVWDUWDQGUHSHDWVWKHF\FOH
7KH VHFRQG VWDWH PDFKLQH¶V VWDWH GLDJUDP LV VHHQ LQ )LJ  ULJKW ZDLWV LQ D ORRS IRU WKH ILUVW VWDWH PDFKLQH
LPDJHBSURFHVVLQJBHQVLJQDOWREHDVVHUWHGDIWHUZDUGVHQDEOHVWKHPHPRU\UHDGDQGWKH LPDJHSURFHVVLQJPRGXOH















D WLPH8VLQJ WKHVH FHOOV D 6REHO HGJH GHWHFWLRQ LV SHUIRUPHG DQG WKH UHVXOW LV VDYHG WR WKH HGJH ELWPDWUL[ ,Q
SDUDOOHOZLWK WKLV SURFHVV WKH2) UHVXOW IURP WKHSUHYLRXV F\FOH LVZULWWHQEDFN WR D GLIIHUHQW%5$0PRGXOH LQ











QHZO\ LQWURGXFHG VLPSOLILHG 2) H[WUDFWLRQ PHWKRG 7KLV V\VWHP SURYHV WR EH IHDVLEO\ LQFOXGDEOH LQ D URERWLF
DSSOLFDWLRQGXHWRWKHIDFWWKDWLWH[HFXWHVLQUHDOWLPHDQGVKRZVDORZKDUGZDUHUHVRXUFHFRQVXPSWLRQ6HH)LJ
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7KH UHVRXUFH XWLOL]DWLRQ RI WKH29 FDPHUD YHUVLRQ RI D;LOLQ[ =\QT 6R&ZDV DFKLHYHG ZLWK WKH
IROORZLQJ SDUDPHWHUV [ SL[HO LPDJHV ZLWK D JUD\VFDOH GHSWK RI  ELWVSL[HO DW  ISV DQG PD[LPXP
SURFHVVLQJIUHTXHQF\RI0+]7KHUHVRXUFHXWLOL]DWLRQRIWKHYLFL/DEZHEFDPYHUVLRQXVLQJD;LOLQ[6SDUWDQ
)3*$ ;&/;&6 RQ D 'LJLOHQW 1H[\V  ERDUG KDV EHHQ UHDFKHG ZLWK LPDJHV RI [ SL[HOV 
ELWVSL[HOJUD\VFDOHDWISVPD[LPXPSURFHVVLQJIUHTXHQF\RI0+]
7KHUH LV URRP IRU H[SDQVLRQ LQ WKLV W\SHRI SURMHFWV EXWZLWK FHUWDLQ OLPLWDWLRQV2QH RI WKH DOWHUQDWLYHV LV WR
SDUWLWLRQ>@WKHWDVNVE\XVLQJGHGLFDWHGSURFHVVRUPRGXOHV0LFUREOD]HDQGRU$50FRUHVRIWKH)3*$VIRUWKH
H[HFXWLRQ RI WKH VHTXHQWLDO WDVNV 7KH YLDELOLW\ RI WKH LPSOHPHQWDWLRQ UHVXOWV ZLOO QHHG WR EH YDOLGDWHG E\







0DQDJLQJ$XWKRULW\ IRU WKH 6HFWRUDO2SHUDWLRQDO 3URJUDPPH IRU+XPDQ5HVRXUFHV'HYHORSPHQW DV SDUW RI WKH
JUDQW326'586
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